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Introduction
Eating disorders (EDs) are mental disorders with severe consequences [1] [2] [3] . The better known and possibly the most widely studied of the EDs are anorexia and bulimia nervosa, both of which were included in the DSM-III in 1980 [4, 5] . Binge eating disorder (BED) was first covered in the DSM-IV in 1994 under the larger rubric of eating disorder not otherwise specified (EDNOS) [6] [7] . BED has since become the most prevalent of the EDs [8] and is now considered a singular ED in the DSM-5 [1] . Other less common eating and feeding related EDs include avoidant/restrictive food intake disorder, pica, rumination disorder, and unspecified feeding or eating disorder [1] .
Bibliometric studies can provide a window into the interest and research activity associated with specific scientific questions and medical phenomena. For example, Theander [9] used Medline and PsycINFO to study publication patterns related to EDs from 1960 to 1999 and found an almost 27-fold increase in the number of ED references over the 40-year period (which substantively outpaced the average 4-fold growth observed over the same period of time across all medical fields). Clinton [10] searched the database PsycINFO and replicated Theander's [9] findings, but over a much larger period of time: 1900 to 2009. Clinton [10] also reported that, relative to other psychiatric disorders, the acceleration of research on EDs peaked in the 1980s and stagnated thereafter. Nonetheless, a recent bibliometric study on EDs, Soh and Walter [11] found substantive growth trends in Medline and PsycINFO from 1970 to 2011 (although these authors focused just on publications related to the cross-cultural aspects of EDs).
Given that research teams now dominate the impact of scientific work across various disciplines [12] , we believe it would be important to examine the possible role or influence of scientific collaborations in the observed rapid growth of ED research activity. Given that connections between a set of coauthors can be represented as a social network, social network analysis (SNA) can be applied to study how scientific collaborations originate and evolve in parallel with research publications for one or several academic communities [13] . Therefore, the present study seeks to extend previous bibliometric studies on EDs by including a time-dependent analysis of the growth and evolution of multi-author collaborations and their correlation with ED publication trends. To this end, we propose to examine traditional bibliometric indices along with the use of graph theory, which allows for the examination of co-authorship patterns and social network analyses [14] [15] [16] [17] [18] . We will focus in the 35-year period starting in 1980, which corresponds to the noted relative peak of research activity acceleration on EDs [10] . In addition, we casted a wider search net than previous ED bibliometric studies by using a larger and more comprehensive set of citation and reference databases.
Methods

Search strategy and procedures
We Table 2 (Scopus Subject Areas). To this purpose, we entered a broad collection of ED-related keywords in the fields "Title" or "Topic" (for WoSCC), as well as in the fields "Title" or "Authkey" or "Indexterms" (for Scopus). The keywords used were: "eating disorder Ã ", or "pica", or "rumination disorder Ã ", or "avoidant food intake disorder Ã ", or "restrictive food intake disorder Ã ", or "anorexia nervosa Ã ", or "bulimia nervosa Ã ", or "binge eating disorder Ã ". Each of the data based utilized allow for narrowing the search to specific document types. In both cases we limited our search to "Articles". The search also excluded any articles that contained any of the 223 animal and insect terms included in the Agricultural Thesaurus and Glossary of the National Agricultural Library of the United States Department of Agriculture (agclass.nal.usda.gov). The exclusionary terms were entered in the Topic field of the WoSCC and in the Title-Abs-Key field of Scopus. This search strategy yielded 18,996 bibliographic records from WoSCC and 22,516 from Scopus.
The search yielded a total of 41,512 bibliographic records that were included in a relational database to purge redundancies and false positives. Following the pre-stablished procedures described elsewhere (see [19] ), a total of 16,789 records were removed due to duplications and overlapping (n = 9,343) or false positives (n = 7,446). The signature variations from single authors of the final sample of 24,723 records were then standardized through a manual review of all signatures, checking institutional affiliations in case of doubt. Our sample is the broadest, most comprehensive, and inclusive to date for the period covered. That is, our approach retrieved almost twice as many references as the second largest bibliometric analysis on ED to date (see Table 3 ).
Bibliometric and social network analysis
To facilitate the time-dependent evolution of the volume of research activity and other bibliometric characteristics, we collected data on 30 different bibliometric and network measures for each of the seven, 5-year periods, or Quinquennials (Q) of the 1980-2014, time span (see Table 4 ). Table 5 lists the diachronic progression of productivity measures per 5-year period, or Q. Overall, productivity, measured as the number of articles per Q increased by a factor of about 6 from Q1 (1980) (1981) (1982) (1983) (1984) to Q7 (2010-2014) . The final sample of 24,723 articles were authored or co-authored by 48,167 investigators, most of whom authored or co-authored a single manuscript (Transience Index = 73.89%, n = 35,593), with a substantive number of them authoring or co-authoring 2 to 9 articles (23.91%, n = 11,515), and very few authoring or co-authoring 10 or more publications (1.25%, n = 1,059). The substantive increase in the number of publications over the 35-year span does not appear to be due to a change in productivity measured categorically as the percentage of authors/co-authors with 1, 2 to 9, and more than 9 articles. 
Results
Bibliometric results
Bibliometric measures
n articles number of articles published % Q change % increase or decrease in number of articles from previous 5-year period n authors number of authors with at least one published article % authors > 9 articles % of authors with more than 9 published articles (a.k.a. as "highly productive authors"; see [23] ).
% authors 2-9 articles % of authors with 2 to 9 articles % authors = 1 article % of authors with a single article (a.k.a., "transitory authors" or "transience index", see [24] )
n newcomers Number of authors with no publications during the previous Q (Qstart)
n terminators Number of authors with at least one publication in the previous Q (Qstart) but no publications in the current Q (Q-end). 
SD (number of signatures per article)
Standard deviation of the collaboration index maximum (range of number of signatures per article)
Maximun number of signatures associated with a single article
% authors (all articles in collaboration)
% of authors whose articles were always co-authored
% authors (all articles no in collaboration)
% of authors whose articles were always single authored
% authors (collaboration & no collaboration articles)
% of authors whose articles were either co-authored or single authored
Network measures n vertices
Number of collaborating authors (authors with at least one co-author in at least one article)
n isolate vertices Number of authors whose articles were always single authored.
n edges Number of author pairs connected by one or more co-authorships.
M edges/vertice
Mean of the number of edges per vertex (excludes isolate vertices)
SD edges/vertice
Standard deviation of the mean of edges/vertex.
network density
The ratio of the number of linked vertices to the number of all possible links within any given network. All possible links between vertices represent a complete graph (K n ) = n*(n-1)/2 (where n is the number of vertices).
Component
Components are groups of vertices that are disconnected from each other. In a component, at least one vertex of each vertex pair is linked to another vertex within the component. Separate components do not have any vertices in common.
average distance between vertices
Mean length (number of edges) of all shortest paths from each vertex to all other vertices within the network (i.e., how many hop son average it takes to reach every other vertex)
% edges = 1 % of all the edges that link two vertices with a single article coauthorship between the pair % edges = 2-9 % of all the edges that link two vertices with 2 to 9 articles coauthored between the pair (Continued)
That is, across Q2 to Q7, 76.85% to 78.47% of authors published a single article, 20.12% to 21.79% published between 2-9 articles, and 1.09% to 1.65% published 10 or more articles. Thus, the almost 6-fold growth in the number of publication in eating disorders over the 35-year span appears to be driven, on the surface, by the overall growth in the number of active authors per Q, which experienced an almost 10-fold increase from 2,111 in Q1 to 20,145 in Q7. Said differently, the growth of the number of authors/co-authors outpaced the growth of the number of total publications. The number of authors per Q is the direct sum of newcomers (authors without a publication in the previous Q) plus continuants (authors with at least a publication in the previous and current Q). The number and percentage of newcomers and continuants are given in Table 5 , which also shows the overall net gain from Q to Q. Table 5 shows a steady increase in the overall number of authors per Q of about 30% from Q to Q. This steady increase is the result of [26] . The local clustering coefficient of a vertex quantifies the extent to which the vertices connected to that vertex are also connected to each other.
Network Graphs
Co-authorship networks were determined using the Force Atlas 2 algorithm [27] , which enables analysis and visualization of networks Gephi (https://gephi.org/)
https://doi.org/10.1371/journal.pone.0182760.t004 newcomers consistently outpacing terminators, and to a lesser extent a small but sustained increase in the percentage of continuants that remains from Q to Q (from 11% at Q2 to 17% at Q5, Q6 and Q7) that counteracts the small but sustained decline in the percentage of newcomers that appear from Q to Q (from a high of 89% at Q2 to a low of 83% at Q5, Q6 and Q7). Table 6 lists the results per Q for each collaboration indicator. A total of 85.2% or 21,065 articles were co-authored by two or more authors, and only 14.8% or 3,658 articles were single authored. Similarly, the relative number of authors who engaged in collaborative efforts also increased from Q to Q, from a minimum 79.20% to a peak of 94,41% of authors publishing exclusively as co-authors in Q1 and Q7, respectively. Consequently, the percentage of authors publishing both single and co-authored articles, or only single authored publications, decreased considerably over time (see Table 6 ). In fact, only about 4% of authors between 2010 to 2014 could claim they had single authored a publication. Whereas the observed increases in collaboration rates and size of collaborating teams co-occurred with an increase in the total number of published articles noted earlier, the overall number or articles per author (articles:author) steadily declined from Q1 (0.57) to Q7 (0.36). Table 7 shows the diachronic progression of co-authorships through network collaboration measures. The vast majority of authors (n = 46,472, 96.48%) was connected to the network at least within one of the seven 5-year periods. The number of vertices, or count of authors who are connected to at least to one other author in the network, increased from 1,818 in Q1 to 19,766 in Q7, with a mean average increase of 2,991 (SD = 2,045) vertices between consecutive Qs. Likewise, the total number of edges or connections that link any two vertices within the network, increased from 3,280 in Q1 to 93,618 edges in Q7, which corresponds to a mean average increase between consecutive Qs of 15,056 (SD = 15,295).
Social network results
Interestingly, the number of connections (edges) per author decreased over time, from M = 3.61 (SD = 2.77) in Q1 to M = 1.75 (SD = 3.47) in Q7 (although this average appears to have been stabilized over the last decade; M = 1.69 to 1.75; SD = 2.75 to 3.47). Consequently, network density decreased from 0.2679 at Q1 to 0.0019 at Q7. The average, shortest distance between the vertices of the various network components initially increased from M = 2.79 to M = 7.78 edges (Q1 to Q4), but then decreased to M = 5.38 edges (Q4 to Q7). That is, it appears that from 1980 to 1999 collaboration networks grew with little interconnectivity among vertices, but from 2000 to 2014 the interconnectivity between co-authors increased.
Regarding vertices, the percentage of vertices per Q that shared a single article in common varied from about 83% to 91% but without following a time-line dependent pattern. Likewise, the proportion of vertices that authored between 2 to 9 articles jumped considerably across Qs without following an ascending or descending time pattern, from a minimum of 9.24% at Q1 and a maximum of 16.58% at Q4. The only time-dependent progression observed for productivity between vertex pairs was for those coauthors sharing 10 or more publications, which ranged between 0.09% and 0.26% during the first four Qs, and between 0.38% to 0.44% during the Qs representing the most recent 15 years.
The number of components and the number of vertices within the most populated component increased with each Q, from n = 414 components and n = 110 vertices (Q1) to n = 1,901 components and n = 9,992 vertices (Q7). Likewise, the average number of vertices per component increased from M = 4.39 (SD = 6.6) to M = 10.4 (SD = 10.4) from Q1 to Q7, respectively. In contrast, the other two measures of central tendency, the median and the mode, remained stable across Qs (Median ranged from 3 to 4; Mode ranged from 2 to 3). That is, whereas the mean average and the range of the number of vertices per component has increased considerably over time, the most common component or group size of connected authors has remained relatively small at about 3 vertices. The low number of vertices per component has resulted in high interconnectivity within the components, which have averaged clustering coefficients between 0.94 (Q1) and 0.91 (Q4). Fig 1 depicts the components' evolution of the social network Q by Q. Each vertex is represented by a gray dot and each pair of vertices are connected by a gray line. As the number of The distribution of components per vertex per Q revealed that with each successive Q, components become larger and larger components become more frequent. With time, the largest component eventually takes a much larger share of the universe of vertices within the network. For example, the largest component of the network takes up about 6% of all the vertices in Q1 and Q2; however, this proportion consistently increases Q to Q from 28% to 51% from Q3 to Q7 (see Fig 2) . Conversely, the combined sum of all the vertices made up by all components with five or fewer co-authors takes up more than 50% of all the vertices at Q1, but this combined sum only contributes 21% of the vertices by Q7 (see Fig 2) . A similar phenomenon can be seen for the share of publications attributable to the largest component. In Q1, the combined sum of all components with five or fewer co-authors publishes more than 50% of all articles; whereas the largest component only publishes 8.4% of the articles (see Fig 3) . However, by Q3 the largest component takes a larger share of the publications than all the components with five or fewer co-authors combined; and starting with Q5 (2000-2004) , the single largest component publishes more than 50% of all the articles (Fig 3) . 
Discussion
Using traditional bibliometric indexes of productivity such as number of peer reviewed publications and number of published authors, our results showed a steady net increase in the productivity (number of publications) of scientific research from the first Q (1980) (1981) (1982) (1983) (1984) to the most recent Q (2010-2014). Given that the period of time covered in our study overlaps but also extends three years beyond the most recent bibliometric study on EDs (i.e., [11] ), our findings contradict Clinton [10] in that we can affirm that the increased interest in the scientific study of EDs that started in the 1960s remains strong beyond the first decade of the 21 st Century (see also [12, 21, 22, 28] ).
The progressive increase in the number the scientific articles published during the overall 35-year period studied is likely the combined effect of a number of factors: (a) a possible increase in the global prevalence of EDs [29, 30] , (b) increase in the awareness or recognition of eating disorders as a grave public health problem [31] , and (c) other factors that may influence the augmentation of scientific activity regardless of scientific discipline [32] . Whereas our analyses cannot parse out all the specific factors that contributed to the noted increase in scientific productivity in ED, we can provide important observations about the extent to which individual and collaborative efforts may have accounted for the noted diachronic increase in the overall scientific activity in ED [12] .
We can confidently rule out changes in individual author productivity (articles per author) as responsible for the noted augmentation in scientific activity. First, the Transience Index (percentage of authors with a single publication), as well as the proportions of authors with 2 to 9 and more than 10 publications did not substantively vary from Q2 to Q7 (see Table 5 ). In fact, the noted increase in overall scientific productivity occurred in lieu of a gradual decline in the ratio of articles to authors. Over the 35-year period examined, there was a 10-fold increase in the number of published authors and 6-fold increase in the number of publications per Q. Thus, we can assert with confidence that the number of published authors correlated positively with the number of publications. This increase in the number of authors was the result of author incorporation rates (newcomers) that outpaced author attrition rates (terminators), and a small but sustained increase in the longevity of the existing authors (continuants).
Among the many possible factors that may have enabled or contributed to the noted remarkable growth in the net number of publications and authors per Q, we can point to the transformation or development of collaborations or author networks. To our knowledge, our study is the first to document within ED the dominant tendency in science toward multiauthored publications in detriment of sole authorships [33] . This can be observed in the increase in the percentage of authors who never published single authored articles, which grew from 79% to almost 96%, as well as in the decline of both authors with only single authored publications (14% to 2%) and authors with both single and co-authored publications (7% to 2%) (see Table 6 ). Thus, it is not surprising that the overall increase in the number of scientific publications observed occurred in parallel with the growth of works produced in collaboration. This noted tendency toward collective authorships, or increase in the average number of signatures per article, replicates results found in other disciplines including drug addiction research (e.g., [34] ). For example, transience index values higher than 70% have been observed in Biomedicine and the Social Sciences [35] [36] [37] [38] .
The observed time-dependent growth in the number of signatures per article might be a response to the increasing need or demand to investigate phenomena from an interdisciplinary perspective to ensure a more complete and comprehensive advancement of scientific knowledge [39] [40] [41] . A high degree of collaboration within a discipline could be an indicator of scientific strength and vibrancy, as collaborations may improve both the quantity [35] and quality [42] of the research findings, elements that are all indispensable for the development of science and the advancement of knowledge [43] . Unfortunately, our database does not allow us to investigate with precision the extent to which the collaborations noted in ED are interdisciplinary, a question that deserves exploration in future research.
The network analyses combined with the collaboration measures provide a number of interesting observations. Most notably, the results show that the detected interest in collaborative work leads to the proliferation of research components with a high degree of clustering (i.e., high interconnectivity within individual components), in part because most article collaborations involve a reduced number of coauthors within relatively small components. In addition, our analyses suggest the presence of a mature, co-author network of ED that is similar other well developed and stablished networks across various disciplines.
Although the number of edges grew proportionally at a higher rate than the number of authors, the density of the components decreased over time. Nonetheless, the average distance among reachable pairs in the last 5 Qs is similar to those reported by Bordons and collaborators [44] in a study that examined social network activity between 2006-2008 within various disciplines. This means that the average distance, or minimum number of pathways need to connect two unlinked authors is relatively short within the ED network (see also [45] ).
According to Fatt and collaborators [46] the component formed by the largest number of authors (or giant component) might be considered the network nucleus of any given of research area. The relative size of the largest component matters, as the size is an indicator of the existence of a "core" field in the research community, and an indicator that knowledge flows a relatively fast pace (see [13] ). In general, there appears to be strong consensus that wellformed giant formed giant components include more than 40 to 90% of the vertices [13] . Within the present study we have noted and illustrated that not only the nucleus grew considerably from 6% (1980) (1981) (1982) (1983) (1984) to over 50% (2010) (2011) (2012) (2013) (2014) , but that the producivity attributed to the nucleus surpassed the 50% mark by the fifth Q (1995-1999).
The high clustering coefficients (0.91 and 0.94) within each Q suggest that throughout the entire 35-year period there is high interconnectivity between the vertices, which is made possible by a high percentage of small clusters and the existence of structures that recreate the small-world phenomenon (The small-world phenomenon refers to the often found fact that any two individuals within any given social network are most likely connected by a short sequence of intermediate acquaintances) within the giant and larger components [26] . As reported by others [47] [48] [49] , authors tend to create collaboration groups that connect fully all of its members. It has been argued that high clustering within the Health and Social Sciences is a necessary condition for the advancement of knowledge [50] . Our findings are similar to those reported by Barabásis and collaborators [15] with regard to the field of Neuroscience, or by Bordons and collaborators [44] , for various disciplines.
Limitations
Although our search approach yielded the largest sample or ED-related articles to date, our sample likely excluded a not insignificant number on non-English journals not covered by the WoS Core Collection database. This limitation may have been lessened by our decision to also mine Scopus, which includes a wide coverage of journals in languages other than English [51] . It is also possible but unlikely that we may have failed to include journals that might be covered by other databases such as PsycINFO. Nonetheless, WoS Core Collection and Scopus are the databases used most often in bibliometric studies because they include scientific literature of greater international impact [52] and other national databases play a more peripheral role in communicating the scientific literature [53] .
Our search strategy may have been narrower than we portray it because we limited our search keywords to feeding and eating disorders terms, but excluded other eating disorderrelated terms such as "restrictive eating" or "purging behaviors" or "body image disturbance". We therefore checked the impact of leaving out the terms noted above and found we potentially missed adding up to 154 articles to our final sample (or a 0.35% net increase, assuming none of the 154 articles were redundant with any of the articles already in our sample). Our search strategy may have also been wider than it needed to be. That is, some researchers may find that our inclusion of 'pica' and 'rumination' disorders, which accounted for about 3% of all the articles in our search, may not be highly relevant to the ED field. However, these disorders are listed in the DSM-5 and previous DSM versions alongside anorexia and bulimia under the "feeding and eating disorder" categorization. Thus, while acknowledging our search could have been broader or more comprehensive in some respects, and narrower in others, we believe that the sum of potentially missed articles and perhaps extraneous articles is too small to have made much of a difference in the overall pattern of findings.
Another limitation is that we could not address or describe the likely interdisciplinary makeup of the ED co-author network, and thus cannot speak to the extent to which attempts to advance knowledge in ED contributed to the observed increase in collaborative work over time.
Future research
As possible future lines of research, we believe that it would be important to conduct more indepth analyses of the evolution of specific areas within ED contrasted against each other, as well as comparing the relative penetration of ED research across related sciences such as Health Sciences, Education Sciences or Social Sciences, or across associated disciplines and bodies of knowledge, such as epidemiology, clinical, pathology and prevention. It might also be important to examine in greater depth the factors or motivations that drive researchers to collaborate, as for example the hypothesized desire and need to understand phenomena fully by incorporating interdisciplinary perspectives.
We hope our investigation inspires other lines of inquire, such a more direct examination of how collaborative research across investigators and research centers might be associated with external funding success, or with the ability to publish in high impact journals. Similarly, of great interest to the profession, at a time when interdisciplinary collaborations have become a buzz word, it would important to study how social networks contribute or become barriers to promotion or tenure within universities and research institutions.
Finally, EDs, once conceptualized as "culture-bound" syndromes rooted in Western culture [54, 55] , are or have become more prevalent among non-Western cultural groups and nations that previously thought [56] . Although not within the scope of the current study, it would be interesting and insightful to investigate the extent to which the realization that EDs are not phenomena circumscribed to Anglo/Western cultures is the result of increased collaborations across investigators across borders, or vice versa [30] . 
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